This paper describes the study of the extraction of Zr and Hf in nitric and hydrochloric media by solvent extraction technique using different types of extractants. The effect of the extractants DEHPA, IONQUEST®801 and CYANEX®272, TBP, CYANEX®923, PRIMENE ® JTM, ALAMINE ® 336 and ALIQUAT®336 was investigated. For acid extractants in both nitric and hydrochloric media, a high degree of extraction was observed, although they had low selectivity in separating the metals. For the acid extractants also, it was not possible to strip the metals from the organic phase through acid solutions. In this case, a stripping solution with very high acidity would be required, and this is not viable. When the basic extractants were used, no metal extraction was observed under the conditions investigated, indicating no extractable anionic species in either media. The optimum zirconium/hafnium separation was achieved using an acidity of 7.0 mol•L In these conditions, a separation factor of 12.6 was obtained.
pounds and alloys is Zirconium Silicate (ZrSiO 4 ) known as Zircon. It is the most abundantzirconium mineral and it has great commercial importance. Due to the similarity of their chemical and physical properties, hafnium (Hf) is commonly found in nature associated with zirconium minerals. It is mainly used in alloys with nickel for the production of superalloys and as thermal neutron absorber in power reactors, due to its high thermal neutrons capture cross section, around 1.04 × 10 −26 m 2 -about a thousand times higher than that of zirconium (1.9 × 10 −29 m 2 ) [1] [2] [3] . Among the features of these elements, it can be highlighted the fact that unlike Zr, Hf is a good neutron absorber. Thus for the application of concentrated Zr in nuclear reactors, it is necessary that it present levels of less than 100 mg•kg −1 of Hf [4] . Therefore the separation of these elements is of utmost importance for the use of zirconium tubes containing nuclear fuel. However, due to the great chemical similarity between Zr and Hf their separation is difficult [2] [5] [6] . Thus, the separation of zirconium and hafnium require elaborate processes. Among the known commercial processes, four are used industrially: fractional crystallization, solvent extraction, distillation of chloride and ion exchange [7] [8] [9] [10] [11] [12] . The present work evaluated, through the technique of solvent extraction, the behavior of different types of extractants in two nitric and hydrochloric media in order to obtain a better extraction of zirconium and a greater selectivity between zirconium and hafnium. Acid extractants such as di-2-ethylhexyl phosphoric acid (DEHPA), 2-ethylhexyl phosphonic acid mono-2-ethylhexyl ester (IONQUEST ® 801), and bis (2,2,4-tri- 
Theory
The extraction and separation behavior of zirconium and hafnium has been widely studied. There are several reports on the separation of these elements in different media and extractants. Figure 1 shows the structure of the extractants used in this work for the extraction of the zirconium and hafnium [16] .
Experimental

Feed Solutions
The feed solutions used were prepared from the liquors obtained from the solubilization of zirconium (Zr(OH) 4 ) and hafnium (Hf(OH) 4 ) hydroxides, both provided by Centro Tecnológico da Marinha-São Paulo (CTM)-SP. The product of the alkaline fusion of zircon was also used. The solubilization of Zr and Hf hydroxides was carried out with hydrochloric and nitric acids. The solution using the fusion product of zircon was prepared with nitric acid. The pH of the solution was adjusted by adding nitric acid or hydrochloric acid, according to the medium and acidity of the experiment. The chemical characterization of the liquors used in the solvent extraction experiments is presented in Table 1 . 
Extractant Agents
The extractant agents used in this study were: DEHPA Cognis of Brazil Ltda. The extractant solutions were prepared at specified concentrations by dilutingthem in dodecane, and tridecanol 5.0% volwas added to the amine solutions.
Solvent Extraction Procedure
The solvent extraction experiments were performed in a 150 ml beaker at temperature 
Results and Discussion
Acid Extractants
Studies of the complexation of zirconium by chloride and nitric ions have indicated the presence of the Zr (IV) cation which can be extracted by acidic extractants. In the literature two kinds of Zr(IV) cations in the aqueous solution of the acids concentrates have been reported to exist, ZrO 2+ and Zr 4+ . Acid extractants are used in systems where the metals are present in the solubilized form of their cation [4] . The acid extractants form complexes by replacing protons of the molecule with the metal ions present in the aqueous medium, thus extracting the metal by cation exchange mechanism [17] . In this case, the H + of the acid extractant is replaced by the metal cation, as shown in the Equa-
1) Nitric medium Figure 2 shows the results of the extraction of zirconium and hafnium using the acid extractants DEHPA, IONQUEST ® 801 and CYANEX ® 272 in a nitric medium. Table 2 shows the separation factor of Zr/Hf for the acid extractants in this medium. All acid extractants investigated showed a high performance in the extraction for all acidities; however, the selectivity was not satisfactory. The best separation factors were obtained for CYANEX ® 272, but with high Hf extraction-more than 90%. The high percentage of extraction obtained indicates the difficulty to strip metals from the organic phase. This fact combined with low separation factor lead to the conclusion that this class of extractant is not the most suitable for the separation of Zr/Hf metals. 2) Hydrochloric medium Figure 3 shows the results of the extraction of zirconium and hafnium using the acid extractants DEHPA, IONQUEST ® 801 and CYANEX ® 272 in a hydrochloric medium. Table 3 shows the separation factor of Zr/Hf for the acid extractants in this medium.
The behavior of the acid extractants in a hydrochloric medium was very similar to that in a nitric medium, obtaining a high extraction yield for all acidities investigated, but without good selectivity. The best separation factors were obtained for CYANEX ® 272, but with high extraction of Hf. The separation factor in this case occurs mainly due to the difference in the concentrations of the metals in the aqueous phase; however, it does not indicate a condition of separation of metals.
Basic Extractants-Nitric and Hydrochloric Medium
The experiments were conducted using the basic extractants PRIMENE ® JMT, , however, it is also known that amines are generally employed as extractants in less acidic solutions-pH close to 1 or higher. This may be the essential factor for no metal being extracted by amines [19] . Figure 4 shows the results of the extraction of zirconium and hafnium using the acid extractants TBP, CYANEX ® 923 and TBP/CYANEX ® 923 in a nitric medium. Table 4 shows the separation factor of Zr/Hf for the solvating extractants for this medium. however, there was a significant increase in the extraction of Hf, which caused a reduction in the separation factor. For the extractants CYANEX According to the results presented above, we noticed that nitric medium was the most effective in the separation of Zr/Hf when TBP was used. Hydrochloric medium presented formation of a third phase. This makes the process impractical. However, both nitric and hydrochloric media need very high acidity in the feed solution. For the optimal result, which was obtained with TBP in nitric medium, the acidity needed was . It was observed that separation of zirconium and hafnium is favored by high acidities, but considering that this is a very drastic condition, it is necessary to evaluate in what way the acidity influences the Zr/Hf separation, in other to better understand the system and to seek a way to decrease the acidity of the process. According to the results presented above, we chose to continue these studies in a nitric acid medium using TBP as extractant.
Solvating Extractants
1) Nitric medium
Separation of Zr/Hg from the Liquor Generated by the
Fusion of Zircon and Liquor Generated by Hydroxides Figure 6 shows the extraction yields and the separation factors obtained in experiments with liquors generated from the leaching product of alkaline fusion of zircon and the solution generated from the hydroxides of Zr and Hf in nitric acid medium. In both solutions, the levels of Zr and Hf were 15 g•L −1 and 0.6 g•L −1 respectively. In these experiments the acidity varied between 1.0 and 7.0 mol•L −1 H + , and 3.0 mol•L −1 of TBP was used as extractant.
As noted, the results obtained from the liquor prepared from the product of alkaline fusion of zircon showed much better results than those obtained from the solution prepared from dissolution of hydroxides provided by the Centro Tecnológico da Marinha (CTM)-SP (Table 6 ). This fact may have occurred due to the presence of sulfate in the hydroxide solution, which is absent in the liquor prepared from zircon. 
Conclusion
The cationic extractants investigated were not suitable for the separation of Zr and Hf metals. In nitric or hydrochloric medium, at the acidities investigated, there was a high extraction of metals by these extractants but without good selectivity. Extraction yields higher than 99% have been observed when using DEHPA and IONQUEST for nitric and hydrochloric media. It was observed that separation of zirconium and hafnium is favored by high acidities, but considering that this is a very drastic condition, it is necessary to evaluate in what way the acidity influences the Zr/Hf separation in other to better understand the system and to seek a way to decrease the acidity of the process.
